This work investigated the possibility of incorporation of nickel into several mesostructured cellular foam (MCF) silica supports prepared at various aging times (1, 2, and 3 days) by using deposition-precipitation method followed by reducetion process and to look for the best support to obtain supported nickel catalyst with highest nickel loading and smallest size of nickel nanoparticles. Analyses using nitrogen adsorption-desorption, transmission electron microscopy (TEM), X-ray diffraction (XRD), scanning electron microscopy (SEM) and energy dispersive X-ray (EDX) showed that MCF silica prepared at aging time of 3 days was the best support as the corresponding nickel functionalized MCF catalyst had the highest nickel content (17.57 wt%) and the smallest size of nickel nanoparticles (1 -2 nm) together with high porosity (window pore size of 90 Å). The result was attributed to the highest window pore size in the MCF support which allowed more nickel nanoparticles to be incorporated.
Introduction
Supported nickel catalysts as heterogeneous catalysts have attracted research attentions because of their potential application in many important petrochemical industries such as hydrogenation, deoxygenation, methanation, reforming, and hydrocracking. Besides good nickel particle dispersion in the catalyst support, pore size is a crucial variable affecting the catalyst performance as the activity usually relies on the presence of accessible active centres located in the internal pore of the catalysts [1] . Larger-pore sizes of the catalyst provide better diffusion of reactants and products during the course of reaction [2] . Therefore, high dispersion of small particles of nickel and high porosity of the catalyst are always desirable. Catalyst support may play a more active role in increasing the dispersion and stability of metal particles [3] . The main function of catalyst support is to achieve a fine dispersion of nickel nanoparticles and to prevent the nanoparticles from aggregating and the latter relies on confining nanosized environment of the catalyst [4] .
Mesoporous silica materials such as MCM-41, SBA-15 and HMS with high porosity (pore size of up to 100 Å) have been widely studied as catalyst supports for incurporation of sulphated metal oxides [5, 6] , platinum nanoparticles [7] and propyl sulfonic acid [8] [9] [10] . These mesoporous silica materials have also been extensively used as supports for incorporation of nickel particles. Nickel functionalized mesoporous silicas have been successfully applied for hydrochorination of chlorobenzene [11] and catalytic reforming of methane with carbondioxide to produce synthesis gas (syngas) [12, 13] . By using direct synthesis [2, 12] , post synthesis-grafting and impregnation methods [13] for incorporation of nickel, mesoporous silica materials (MCM-41, SBA-15, HMS) would form catalysts with good dispersion of nickel particles at nickel contents below 6 wt%. However, higher nickel loadings could lead to structural collapse and a significant drop in the well-defined framework mesoporosity because of local blockage of pore cannel and agglomeration of nickel nanoparticles. This could result in diffusion limitation of reactants as well as the products to consequently reduce the activity of the catalyst. Recently, MCM-41 was incorporated with nickel particles using deposition-precipitation method followed by a reduction process that resulted in catalyst with good nickel particles dispersion at high nickel loading of 12.8 wt% [14] . However, the supported MCM-41 nickel catalyst had low porosity (average pore diameter of 39 Å) that would not be suitable for reactions involving bulky molecules such as hydrogenation of edible or non edible oil and deoxygenation of fatty acid. These reactions require catalysts with pore diameters of above 50 Å to diminish diffusion limitation of reactants and products [15] . Besides that, catalysts derived from MCM-41 support faced serious drawback of low hydrothermal stability [16] [17] [18] .
Mesostructured cellular foam (MCF) silica is a very interesting new mesoporous silica material. It is a class of three-dimensional (3D) materials with ultra-large mesopores (up to 500 Å) that are hydrothermally robust [19] [20] [21] [22] . In terms of the textural and framework structures, MCF materials are composed of uniform spherical cells interconnected by window pores with a narrow size distribution [19] . Owing to their 3D mesopore system with pore sizes substantially larger than those of MCM-41 or SBA-15 or HMS mesostructures, this material seems to be a very promising candidate to be used as catalytic support as it provides a better diffusion of reactants and products. This allows them to better overcome mass transfer limitations in many reactions [20, 23] . However, there has been limited information about the utilization of MCF silicas as supports for loading of catalytically active component. Also, report addressing the dispersion of nickel particle on mesostructured cellular foam (MCF) silica is hardly found in the literature so far.
In the present study, MCF silica materials with differrent mesostructure characteristics have been prepared at various aging times (1, 2 and 3 days) and used as supports for nickel incorporation. The incorporation of nickel particle in the MCF silica has been carried out using deposition and precipitation (DP) method followed by a reduction process. The aims of this study are to investigate the influence of MCF support characteristics on surface and structural characteristics of nickel functionalized MCF catalysts. Thus, the best MCF support can be identified in order to obtain a catalyst with highest content of nickel nanoparticles together with high porosity. MCF silica supports and the corresponding nickel functionalized MCF catalysts have been characterized using nitrogen adsorption-desorption, TEM, SEM-EDX and XRD analyses.
Experimental Procedure

Synthesis of MCF Supports
MCF silica materials with different structures were synthesized according to a previously reported procedure [24] with modification with regards to the amount of acidic solution, the use of aging temperature and aging times. In a typical synthesis, 4 g of Pluronics 123 was dissolved in 70 ml of 1.6 M HCl. Then, 6.8 ml of trimethylbenzene (TMB) was added, and the resulting solution was heated to 40˚C with rapid stirring to synthesize the microemulsion (template). After stirring for 2 h, 9.2 ml of tetraethyl orthosilicate (TEOS) was added to the solution and stirred for 5 min. Then, the solution was transferred to a poly-ethylene bottle and kept at 40˚C in an oven for 20 h for the formation of pre-condensed silica foam. After that, the mixture was removed from the oven and then NH 4 F·HF solution (92 mg in 10 ml DI water) was added to the mixture under slow mixing. Then, the mixture was aged at 80˚C in an oven for certain aging times. Three samples prepared using the synthesis procedure were MCF-1D that was aged for 1 day, MCF-2D that was aged for 2 days and MCF-3D that was aged for 3 days. After cooling, the mixture was filtered and the collected solid was then dried at 100˚C for 12 h. After that, calcination was carried out in static air at 300˚C for 0.5 h and 500˚C for 6 h to remove the template. The calcined MCF silica materials were used as supports for Ni incorporation.
Nickel Incorporation into MCF Supports
MCF-1D, MCF-2D and MCF-3D materials were then functionalized with nickel using a deposition-precipitation method adopted from Nares et al. [14] . In the functionalization reaction, 250 ml of an nickel nitrate solution was prepared by dissolving 10.156 g of Ni(NO 3 ) 2 ·6H 2 O and 0.3 ml of HNO 3 (69%wt/wt) with distilled deionize water. Then, 40 ml of the nickel nitrate solution was used for dissolving 6.3 g urea at room temperature to produce a urea solution and 210 ml of the nickel nitrate solution was mixed with 1.9 g of MCF silica materials to make a suspension. The suspension was then heated at 40˚C during which the urea solution was added under rapid mixing. After that, the mixture was heated to 90˚C for 2 h under static condition. After cooling, the mixture was filtered and the collected solid was washed three times with 20 ml hot distilled water (~50˚C) and then dried at 100˚C for 12 h. The solid was subsequently calcined in static air at 300˚C for 6 h. The calcined solids are designnated as NiMCF-1D(C), NiMCF-2D(C) and NiMCF-3D(C). The samples were then reduced at 550˚C for 2.5 h under hydrogen stream and subsequently cooled to room temperature under nitrogen flow. The reduced samples are designated as NiMCF-1D(R), NiMCF-2D(R) and NiMCF-3D(R).
Characterization of Nickel Loaded MCF
Nitrogen adsorption-desorption isotherms were obtained using a Quanta-chrome Autosorb 1C automated gas sorption analyzer at liquid nitrogen temperature. Prior to the experiments, the samples were degassed (p < 10 −1 Pa) at 270˚C for 6 h. The amounts of nitrogen gas adsorbed over a range of partial pressures were measured to obtain Synthesis and Characterization of Mesostructured Cellular Foam (MCF) Silica Loaded with Nickel Nanoparticles as a Novel Catalyst 54 a graph known as an adsorption isotherm, whilst desorption isotherm was obtained by measuring the quantities of nitrogen desorbed from the sample as the relative pressure was gradually lowered. Specific surface area (S BET ) was calculated using the BET method, while pore size distribution was obtained using the Barrett-Joyner-Halenda (BJH) model applied to the adsorption and desorption isotherms data. The samples were also used for SEM/EDX imaging using a Leo Supra 50 VP field emission SEM, equipped with an Oxford INCAX act, which was an energy dispersive X-ray microanalysis system. Prior to analysis, samples were mounted on stubs with double-sided adhesive tape. Then, the samples were coated with high purity gold and observed at room temperature.
TEM images were obtained by means of a Philips CM 12 transmission electron microscope. About 0.08 g of each sample was first dissolved in 5 ml of 100% ethanol. The solution was then shaken for a moment and subsequently a small amount of the solution was taken using a micropipette and dropped on a metal grid for the analysis.
X-ray diffraction (XRD) analysis was performed using a Siemens 2000 X system to obtain XRD patterns of the catalysts at different stages of synthesis in order to identify the different phases in the materials. The observation was made on the calcined and reduced catalyst samples. The diffraction patterns were recorded using Cu-Kα radiation at 2θ angles ranging from 10˚ -100˚. Table 1 summarizes textural properties of various MCF silica supports prepared at different aging times as well as those of the corresponding nickel functionalized MFC catalysts after the reduction process. The textural properties were derived based on nitrogen adsorption-desorption data using Barrett, Joyner and Halenda (BJH) method to obtain the average cell size (d cell ) and window pore size (d window pore ). Specific surface area (S BET ) was evaluated using Brunauer, Emmett and Teller (BET) method. Meanwhile, total pore volume (V pore , cm 3 /g) was calculated as the amount of nitrogen adsorbed at P/P 0 = 0.9948. The window pore size in MCF silica supports increased with increasing aging time whilst cell size remained stable, as suggested by data in Table 1 . This result could be attributed to the "soft silica"-coated TMB/ P123 microemulsion droplets (composite droplets) that experienced an increase in size and consequently expanded the window pore size in the composite droplets during the aging step at 80˚C. At the same time, condensation of silica in the walls took place with the formation of Si-O-Si linkages to solidify the inorganic network, and subsequently the materials with increased pore size gradually rigidified [25, 26] . As longer duration of aging was allowed, the larger window pore size in MCF structure would be obtained. The highest window pore size (158 Å) was achieved with an aging time of 3 days in the synthesis of MCF supports. The increase in window pore size with the increase in aging time in the synthesis of MCF silica materials was also observed by the other researchers who studied the effects of acid concentration and aging time in preparation of MCF used for adsorption of biomolecules [27] . Table 1 also shows that the total surface area of MCF silica support slightly decreased from 394 to 375 cm 2 /g when the aging time was increased from 1 day to 2 days. The reduction in the BET surface areas with increasing aging time might be ascribed to the enlargement of window pore sizes and the formation of denser framework walls [25, 26] . However, the total surface area slightly increased from 375 to 378 cm 2 /g if the aging time was increased from 2 days to 3 days. The increase in aging time from 1 day to 2 days resulted in an increase in total pore volume from 1.85 to 2.24 cm 3 /g. Further increase in aging time to 3 days caused a slight decrease of the total pore volume to 2.12 cm 3 /g. Incorporation of nickel into MCF silica supports resulted in some changes in textural parameters such as total surface area, total pore volume, cell size and window pore size as can be seen in Table 1 . The incorporation of nickel into MCF silica support was carried out using deposition-precipitation method at 90˚C for 2 h. The solid sample was then collected, dried at 100˚C, calcined at 300˚C and finally reduced at 550˚C. Depositionprecipitation method generally involves the conversion of a highly soluble metal precursor into another substance which specifically precipitates onto a support and not in solution [28] . In this study, silica (from MCF material) was suspended into the solution containing nickel nitrate salt, urea and nitric acid at room temperature. Deposition-precipitation was started when the temperature of the suspension reached 90˚C. This condition led to urea hydrolysis (Equation (1)) that resulted in the for- mation OH − and a gradual increase in pH [29] . The function of nitric acid was to better regulate the changes in pH by neutralizing the released OH − ion so that the suspension pH was maintained. It was suggested in the literature that the released OH − ions also hydrolyzed the nickel hexa-aqua complex ([Ni(OH 2 ) 6 ] 2+ ) in the suspendsion to generate nickel hydroxoaqua complexes [29] as given in Equation (2).
Results and Discussion
Furthermore, mechanism of nickel incorporation into silica derived from porous silicas Spherosil with high surface area i.e. S BET = 356 m 2 /g (Rhone-Poulenc, France, purity > 99.5%, XOA400) using the deposition-precipitation method has been proposed in the literature [30] and it is assumed to be analogues to nickel incorporation into MCF silica in this study. The mechanism can be briefly explained as follows: As the pH in the suspension was increased, silica derived from MCF support became negatively charged and the pH was higher than its point of zero charge (PZD ~pH 2 4 as given in Equation (2) . As the Ni(OH) 2 (OH 2 ) 4 complex approached to the surface of MCF silica, it reacted with silanol groups (Si-OH) in MCF silica via hydrolytic adsorption which is an heterocondensation reaction. Then, it further reacted with the another Ni(OH) 2 (OH 2 ) 4 complex to form nickel phylosilicate layer on MCF silica via olation reaction which is formation of a hydroxo bridge between two metal centres as can be seen in Figure 1 .
It has been reported in the literature that the basic medium could also cause partial silica dissolution as OH − ions which are catalysts for silica depolymerisation [31] , as can be seen in Figure 2 . The silica dissolution also released 5 ions that were further hydrolyzed to silicic acid (Si(OH) 4 ). Furthermore, the silicic acid can react with Ni(OH) 2 (OH 2 ) 4 complex in the suspension via a heterocondensation reaction to form Si-O-Ni monomers as proposed in the literature [30] . These monomers can polymerize and grow on the surface of MCF silica leading to the formation of nickel phylosilicate on its surface. After the deposition-precipitation stage, the sample was dried at 100˚C for 12 h and then calcined at 300˚C for 6 h in order to eliminate water more efficiently before the reduction step. No decomposition of nickel phylosilicate on MCF silica could occur during the drying step at 100˚C and subsequently in the calcinations step at 300˚C as suggested in the literature [32] . Decomposition of the nickel phylosilicate into NiO on silica only occurred when the calcination temperature exceed 300˚C until 600˚C. It was reported in the literature that with more efficient elimination of water from the sample, smaller size metal nanoparticles on the silica can be produced after the reduction process [33] .
 
Si OH  Figure 3 schematically shows the mechanism of nickel nanoparticles formation during the reduction process which was adopted from Buratin et al. [30, 32] . There were two steps in the mechanism of nickel parti-cles formations that can be proposed i.e. the decomposi-tion step and the reduction step. When the calcined samples i.e. NiMCF-1D(C), NiMCF-2D(C) and NiMCF-3D(C) were heated at 550˚C under hydrogen stream for 2.5 h, nickel phylosilicate in the calcined samples would be decomposed to NiO and silicate. Then, NiO would be reduced to Ni nanoparticles.
From the mechanisms of deposition-precipitation, MCF silica dissolution and formation of nickel particles that have been elucidated above, it can be concluded the changes in the textural parameters after the incorporation of nickel into MCF silica supports were affected by the partial dissolution of siliceous pore walls occurring during deposition-precipitation and by the deposition of nickel particles. Similar behaviour was also observed by Nares et al. [14] who used MCM-41 as the silica support. Table 1 shows that after the nickel incorporations, textural parameters of MCF silica supports generally decreased most probably due to the deposition of nickel on pore walls or on the surface of the MCF silica supports. However, for MCF-1D support prepared at an aging time of 1 day, window pore size increased from 125 Å to 153 Å after the incorporation of nickel. This behaviour was most likely due to a greater consumption of the siliceous pore walls during the deposition-precipitation.
MCF silica materials are made up of spherical cells interconnected by window pores in which the window pores are gates for accommodating active sites in the spherical cells. The reduction of total pore volume of MCF silica supports after the functionalization can be confirmed on the basis of the pore size distribution curves which include the size distributions of cells and window pores. The size distributions of cells in the samples were evaluated using the BJH method from the adsorption branch of the isotherm of the sample. Meanwhile, the size distributions of cells window pores of a sample were evaluated using BJH method from the desorption branch.
The size distributions of window pores of MCF silica materials and nickel functionalized MCF materials are shown in Figure 4 . The figure provides strong evidences of pore volume reductions in which cell and window pore size distribution curves in nickel species functionalized MCF materials (NiMCF-1D(R), NiMCF-3D(R), and NiMCF-3D(R)) were smaller compared to those in MCF materials. Furthermore, functionalization of MCF-1D resulted in a bimodal window pore size distribution with maximum peaks occurring at around 30 Å and 150 Å.
The maximum peak in window pore size distribution of MCF-1D parent material was at around 150 Å. Meanwhile, the maximum peak of cell size distribution (at about 230 Å) in MCF-1D did not change after the functionalization. Functionalization of MCF-2D resulted in a decrease in the maximum peak of cell size distribution from about 230 to 200 Å. However, the maximum peak of window pore size distribution (at about 130 Å) in MCF-2D was about the same as that in the nickel functionalized MCF-2D material. Different observation was made for MCF-3D material, in which the maximum peak in window pore size distribution was much lower after the functionalization with nickel. The reductions of pore volume, cell and window pore sizes were attributed to the attachment of nickel nanoparticles to the pore surface.
The similar results have been reported for MCF silica materials that were successfully loaded with other active sites such as vanadium, vanadium oxide, lithium, polyethyleneimine and chromium [34] [35] [36] [37] [38] .
Nitrogen adsorption-desorption isotherms for MCF silica materials shown in Figure 5 suggest that they are of type IV hysteresis that occurs in multilayer range of physisorption isotherms. This hysteresis is often associated with capillary condensation (the pore filling process) in mesopore structure [39] . The nitrogen adsorption-desorption isotherms are in close agreement with those published previously [19, 20, 25, 26] and exhibit a large H1 hysteresis loop, which suggests that the MCF materials possessed cell-type mesopores connected by smaller window pores. According to IUPAC (International Union of Pure and Applied Chemistry) recommendation, pores with diameter not exceeding 20 Å are defined as micropores, while mesopores are pores with diameter between 20 and 500 Å. Meanwhile, macropores represent pores with diameter greater than 500 Å [39] . Type IV adsorption isotherms usually flatten at high P/P o indicating that the mesopore filling is complete [40] . However, final upward turn was observed for all the isotherm curves as shown in Figure 5 . This was due to capillary condensation in macropores or in interstices between grains as reported in the literature [41] .
Surface functionalization of MCF silica materials with nickel followed by a reduction process in hydrogen flow at 550˚C resulted in NiMCF-1D(R), NiMCF-2D(R), NiMCF-3D(R) catalysts with lower isotherm curves but no appreciable change in the form of the isotherm was observed (Figure 5 ). This observation indicated that total pore volume experienced a decrease but the mesoporosity of the MCF materials was maintained after functionalization. This result was comparable with that reported by Na-Chiangmay et al. [42] who observed that functionalization of MCF material with Pd had no significant influence on the structure of mesoporous support material. Furthermore, it was noted that, the incorporation of nickel into MCF-3D material resulted in the highest adsorption in NiMCF-3D(R) as compared to those in NiMCF-1D(R) and NiMCF-2D(R). The result suggested the lowest densification of the silica walls in NiMCF-3D(R). 
Figure 5. Nitrogen adsorption-desorption isotherm of (a) MCF-1D and NiMCF-1D(R), (b) MCF-2D and NiMCF-2D(R), (c) MCF-3D and NiMCF-3D(R).
Figure 6(a) shows the scanning electron microscope (SEM) image of MCF-3D material that clearly confirmed a spherical particle of MCF-3D with a size of about 5 μm in diameter. A higher magnification SEM image ( Figure  6(b) ), and transmission electron microscope (TEM) image (Figure 6(c)) show that MCF-3D possessed a mesoporous structure with cell size of about 240.5 Å (24.05 nm). This result was consistent with the average cell size (235 Å) obtained from nitrogen adsorption-desorption data ( Table 1) . The TEM image also confirmed a disordered array of silica struts that are composed of uniform-sized spherical cells interconnected by window pores with a narrow size distribution which is the characteristic structural feature of MCF material [19, 26] . It has been reported in the literature that schematic cross section of MCF material is of strutlike structure. Figure  6(d) clearly shows that the cells of the MCF structure were framed by the silica struts [26] . The wall thickness of the MCFs estimated through TEM analysis was about 5 nm. This result was in agreement with the thick, robust framework walls as observed in MCF-type mesoporous silica [26] .
Morphology of various MCF silica materials (MCF-1D, MCF-2D and MCF-3D) which were incorporated with nickel using deposition-precipitation method, followed by reduction process was examined by means of SEM while the chemical composition was determined using EDX. The results are shown in Figure 7 and they indicate that morphology and chemical composition of the nickel incorporated MCF catalysts were strongly influenced by the characteristics of supports i.e. MCF silica materials. Nickel nanoparticles in the form of nanoworms dispersed in NiMCF-1D(R) catalyst prepared using MCF support with an aging time of 1 day had larger sizes compared to those in NiMCF-2D(R) and NiMCF-3D(R) catalysts prepared using MCF support with aging times of 2 and 3 days, respectively.
The SEM analysis results also show that all nickel func tionalized MCF catalysts synthesized in this study still had highly porous structures. These results were in agreement with results from nitrogen adsorption-desorption isotherms curves in Figure 5 which indicated the meso-porosity of all resulted nickel functionalized MCF catalysts. Besides that, SEM analysis results in Figure 7 was also in agreement with results from Table 1 confirming that all nickel functionalized MCF catalysts had average window pore sizes of above 50 Å. These sizes made them suitable for the application in reactions involving bulky molecules [15] . This is because the window pores are gates for reactants or products access to the cell where the active centres were mostly located in the catalysts derived from MCF silica material [27] . 
Figure 7. SEM images (left) together with chemical compositions (right) of (a) NiMCF-1D(R), (b) NiMCF-2D(R) and (c) NiMCF-3D(R).
Furthermore, it is observed from SEM images in Figure 7 that NiMCF-1D(R) catalyst had the highest porous structure as shown in Figure 7 . The second highest porous structure was the NiMCF-3D(R) catalyst. Whereas NiMCF-1D(R) had the highest porous structure, it con tained the lowest amount of nickel composition i.e. 2.6 wt%. Meanwhile, the highest amount of nickel incorporation was in the NiMCF-3D(R) catalyst i.e. 17.57 wt%. The amount of nickel nanoparticles dispersed in the MCF materials in this study decreased in the order of NiMCF-3D(R) > NiMCF-2D(R) > NiMCF-1D(R).
The amount of nickel composition in NiMCF-3D(R) catalyst in this study was higher than that in nickel functionalized HMS, SBA-15 or MCM-41 catalyst as reported in the literature [11] [12] [13] . The maximum amounts of nickel composition that were incorporated into the HMS and SBA-15 materials were only about 6 wt% and 5 wt%, respectively. Higher loadings of nickel detrimental to the mesostructure of the catalyst [11] . Meanwhile, nickel functionalized MCM-41 reaching a nickel composition of 12.8 wt% with an average nickel nanoparticles size of 3.38 nm has been reported in the literature [14] . However, synthesized nickel functionalized MCM-41 had an average pore diameter of 40 Å which could have limitation in reactions involving bulky molecules. Besides that, nickel supported mesoporous catalysts derived from MCM-41 materials had lower hydrothermal stability [16] [17] [18] .
It was envisioned that window pore size of MCF material used as a support was the main factor that influenced the nickel nanoparticle incorporation. The window pore size of MCF support prepared using an aging time of 3 days (MCF-3D) was the highest among the others and window pore size of MCF-2D was higher than that of MCF-1D, as presented in Table 1 . As such, most of nickel nanoparticles were easily introduced through the window pore size of MCF-3D support. This resulted in the highest amount of nickel nanoparticles in the NiMCF-3D(R). It can be concluded in this study that larger window pore size of MCF support resulted in the easier incorporation of nickel nanoparticle with smaller sizes. Hence, a suitable support was necessary for obtaining a high dispersion of nickel species with small size and high porous structure. This result was consistent with that reported by Subagyono et al. [43] who incorporated polyethyleneimine (PEI) into MCF silica material that was used as adsorbent for CO 2 . They observed that the larger window pores in MCF material allowed more PEI to be incorporated.
The dispersion of nickel nanoparticles in MCF silica supports was further determined through TEM analysis and the results are shown in Figure 8 . In general, it is noted that nickel nanoparticles (dark spots) were successfully dispersed on the support and no bulk particles (size of above 10 nm) were observed. This result indicated that drying at 100˚C for h and calcinations at 300˚C for 3 h attempted this study were efficient enough to remove water from the catalysts before the reduction step to consequently result in small nickel nanoparticles dispersed in the catalysts as suggested in the literature [33] .
It can also be noted that, for the NiMCF-3D (R) prepared using MCF support prepared at an aging time of 3 days, a narrow nickel particle size distribution and small nickel particles with a mean particle size about 1 -2 nm were observed. The mean nickel nanoparticle size in NiMCF-3D(R) in this study was smaller compared to that in NiMCM-40 as reported by Nares et al. [14] . The NiMCM-40 catalyst contained 13 wt% of nickel particles with a mean size of 3.38 nm. However, for NiMCF-1D(R) and NiMCF-2D(R) prepared using MCF host prepared at aging times of 1 and 2 days, respectively, nickel nanoparticles with sizes much larger (about 3 -5 nm) and irregular shape were found to be dispersed on the supports as shown in Figures 7(a) and (b) , respecttively. The size of nickel nanoparticles dispersed on the MCF materials increased in the order of NiMCF-3D(R) > NiMCF-2D(R) > NiMCF-1D(R). This result was in agreement with the SEM-EDX analysis result. Figure 9 shows XRD patterns of all catalysts produced after the calcinations step (i.e. NiMCF-1D(C), NiMCF-2D(C), NiMCF-3D(C)) and after the reduction step (i.e. NiMCF-1D(R), NiMCF-2D(R), NiMCF-3D(R)). For the calcined catalyst samples, all of XRD patterns display peaks at 2θ = 23˚, 33˚ and 60˚ as can be seen in Figure 9 (a). According to literatures, the peak at 2θ = 23˚ is a characteristic of amorphous silica [11, 14] . Thus, the results suggested that the framework of the samples was amorphous. Meanwhile, peaks at 2θ = 23˚ and 60 are attributed to nickel phylosilicates [14, 44] that were detected in all the calcined catalyst samples. This result confirmed that nickel phylosilicates in dried catalyst samples did not completely decompose into nickel oxide during the calcinations that was carried out at 300˚C in this study [32] .
Meanwhile, for all reduced catalyst samples, a new peak at 2θ = 44˚ was detected as can be seen in Figure  9 (b). This peak was ascribed to metal nickel as reported in the literature [14, 44] . Diffraction peaks at 2θ = 23˚ and 60 due to nickel phylosilicates were clearly observed in NiMCF-1D(R) and NiMCF-2D(R) catalysts. This result indicated that for the NiMCF-1D(R) and NiMCF-2D(R), the reduction process at 550˚C for 2.5 h under H 2 stream was not sufficient to completely convert nickel phylosilicates into nickel metal through decomposition step and reduction step as shown in Figure 3 . Similar behaveiour has been reported for Ni/SiO 2 catalyst in which nickel phylosilicates were still detected after the reducetion process that was carried out at 450˚C under H 2 stream [30] .
Noticeably, for the reduced catalysts of NiMCF-3D(R) prepared using MCF support at an aging time of 3 days, only minor diffraction peaks at 2θ = 23˚ and 60˚ attributed to nickel phylosilicates were observed. This result confirmed that most of the nickel phylosilicates were converted into nickel metal during the reduction process. Besides that, XRD pattern of the NiMCF-3D(R) displayed a weaker and broader peak at 2θ = 44˚ compared to that of NiMCF-1D(R) and NiMCF-2D(R) catalysts. This result suggested nickel particles dispersed in NiMCF-3D(R) catalyst were of smaller sizes compared than those in NiMCF-1D(R) and NiMCF-2D(R). This observation was also consistent with SEM and TEM results.
It has been suggested that minor amount of unreduced nickel ions on the silica support could remain at the interface of nickel metal-silica surface as proved by some experimental and theoretical studies [45] [46] [47] [48] [49] . This condition was due to strong interaction between nickel phylosilicate and silica surface [50] . These nickel ions attached to the silica surface would act as grafting sites for the metal nanoparticles. The nanoparticles could stabilize the dispersion of nickel particles to prevent them from aggregating or undergoing sintering during high temperature treatment [30] .
Conclusions
Incorporation of nickel nanoparticles into MCF silica materials prepared at an aging temperature of 80˚C and various aging times (1, 2 and 3 days) was successfully carried out. The increase in aging time resulted in an increase in window pores size in the MCF materials. Meanwhile, total surface area and pore volume were found to decrease. Nickel nanoparticle incorporation into the MCF silica materials was achieved using a deposition-precipitation method at 90˚C for two hours followed by a reduction process for 2.5 h at 550˚C. The window size was the critical dimension controlling the nickel nanoparticle incorporation. Among the MCF silica with various window pore sizes used in this study, the MCF support with an aging time of 3 days (MCF-3D) achieved the highest window pore size. As such, more nickel nanoparticles were incorporated into the MCF-3D support trough the window pore size. The corresponding nickel funtionalized MCF (NiMCF-3D(R)) catalyst had the highest nickel content (17.57 wt%) and the smallest sizes of nickel nanoparticles (1 -2 nm) together with high porosity as confirmed in SEM and EDX results.
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